The main idea of this research depends on defining and mapping the borders of minimum and maximum reference Evapotranspiration (ETo) on a spatial and temporal basis (over the period from 1979 to 2014 in every region in Egypt). Acceptable results could be achieved through using appropriate equation adjusted to local conditions to calculate ETo. These results should help the Egyptian government and policy makers to identify priorities for agricultural land reclamation, where the most important limiting factor in Egypt, for the agricultural sector, is water. Estimation of ETo according to FAO-Penman-Monteith (FPM) method depends on Location, Elevation, Temperature, solar radiation (sun shining hours), relative humidity (RH) and wind speed which are mandatory parameters to calculate ETo. Although the scarcity of climate data is a major problem in most developing countries, the climatic mathematical models are considered as the best solution for none or rare climatic database regions. These models depend on many parameters which can be derived from the remotely sensed data. The modeled data must be evaluated and calibrated with a measured data. The modeled Tmax, Tmin and Rad were validated with measured data with R 2 as high as 0.97, 0.85 and 0.95 respectively. The R 2 between obtained ETo from measured data and the resulted ETo from modeled data was 0.9. The resulted linear equation was used to calibrate the results of ETo from modeled data. Kirigingspatial-statistics method (KSS) was used to generate spatial surface maps of ETo. Monthly minimum, maximum and mean ETo maps were produced using KSS method.
INTRODUCTION
Egypt suffers from a relative shortage of water resources to population in terms of the per capita availability of water. The per capita availability of water in Egypt is less than 1,000 cubic meters since more than twenty years [1] [2] [3] Agricultural sector consumes more than 80% of water resources. The agricultural land area was 3.3 Mha in summer, 2013 [4] and the population is 90 million people based on Dec. 2015 estimation. The agricultural area per capita is smaller than the lowest border of living (0.036 ha) and needs to be expanded horizontally and vertically in the next decades. The dominant climate in Egypt has a direct impact on the consumption of water resources. Evapotranspiration (ET) is a good criterion to determine the range of water consumption as it reflects the actual consumption. The calculation of the amount of water consumed by ET is necessary for water management planning. If the ET model calculation is accurate, the planning of water management will be satisfactory [5] [6] [7] [8] [9] . ETo is a combination of Evaporation (E) and Transpiration (T). It represents the environmental demand for the sum of E and T. The ETo represented as short green grass in a case of 100% vegetation cover, and uniform height under nonwater-stressed conditions. Under dry conditions, ETo is very significant for rationalization of irrigation water. In Egypt, the climate is hard where precipitation is rare, temperature and solar radiation is high [10] . Egypt suffers from the increasing of ETo rate by local dry climate, besides water resources scarcity and population increase [11] [12] [13] . There are many ways to calculate the ETo, based on a number of parameters in the equation. They were conducted by several amendments and calibrations to ETo calculation equations to suit different weather conditions of different regions in the world. For each prevalent climatic case, there is an equation suitable for use. In dry areas, which suffer from high temperature and radiation, Blaney-Criddle and Hargreaves methods are suitable. In humid areas, the suitable method is radiation method. The FPM method fits different climate conditions, because it depends on several factors, including; air temperature, solar radiation, wind speed and RH [14] [15] [16] [17] .
In this study, an attempt was made to help decision makers in Egypt to take the right decision to locate the agricultural reclamation areas based on the classification of water consumption as the biggest problem facing Egypt is the per capita water beside the per capita cultivated land. ETo maps will also support farmers to apply the right amount of water to their farms.
MATERIALS AND METHODS

The study area description
Egypt is located in the northern-east corner of Africa ( fig., 1) . A Digital Elevation Model (DEM) of Egypt, ( fig., 2) . Shows elevations ranged from about -400 up to about 2500 m( A.S.L.). It has a dry arid climate, where solar radiation is available all the year (Table, 1), precipitation is rare and ET is high [10] . Water resources are limited and facing many challenges in the present and in the future. The main water resource is the River Nile, which provides Egypt with 55.5 Km 3 of water yearly. (Table, 2) were used to calculate ETo based on FPM method. Alexandria (30 E and 31.1 N) and Toshka (30 E and 21.1 N) ground stations were used to calibrate and validate the modeled data elements and ETo results.
FPM equation
FPM is the most common and spread method in the world. The equation uses standard climatological data of solar radiation (sunshine), air temperature, humidity and wind speed at 2 m above a surface area of green vegetation, shading the ground and well watered [14] . 
Fig. 2 Digital Elevation Model (DEM) of Egypt
Validation of modeled data
Alexandria and Toshka weather stations were used to validate the most effective weather elements (e.g. maximum air temperature (Tmax), minimum air temperature (Tmin) and solar radiation (Rad)).
The relation between modeled and measured data was good, where R 2 was high as 0.97, 0.85 and 0.95 for Tmax, Tmin and Rad respectively. The ETo resulted from measured data used to validate the ETo resulted from modeled data and the R 2 was high as 0.9 ( fig., 3) . The resulted linear equation was used to calibrate the results of ETo from modeled data. fig., 4) .
Kriging and interpolation
Kriging is a multi-steps process which uses separated and distributed points to create an estimated surface. It is a common method to interpolate the climate data and other environmental phenomena which distributed gradually [18] .
It is the recommended geo-statistical method for producing weather maps. The general formula is:-
Where; Z(si) is the measured value at the i th location, λi is an unknown weight for the measured value at the i th location which depends on the distance between the measured points, the prediction location and on the overall spatial arrangement of the measured points, so is the prediction location, N is the number of measured values. 
RESULTS AND DISCUSSION
ETo was estimated and calibrated, then the monthly average was calculated for every station during the period from 1979 to 2014. The minimum value of monthly ETo (ETo_min) was chosen for every station to represent the ETo_min border. Monthly ETo_mean maps (Fig., 7) produced according to KSS method to represent the average ETo maps of Egypt. The ETo_mean maps are recommended for normal cases but upper (ETo_Max) and lower (ETo_min) borders recommended in the hottest and coldest years respectively. In the southern part of Egypt, the ETo is always higher than northern part, where the air temperature and radiation are higher than the northern part. On the other hand, the RH is lower than the northern part.
The relation between modeled and predicted data through kriging was good where the average of R 2 was high as 0.87 and the average of standard error between measured and predicted was 0.09. Fig. 7 The monthly ETo_mean maps of Egypt
CONCLUSION
Based on ETo maps of Egypt, the northern part is better than the southern part in terms of water consumption, where the northern part did not exceed 10 mm/day but the southern part exceed 13 mm/day. We recommend that the northern part is better for expanding the agricultural land as a first priority. Modeled data is very useful in case lack of data but validation and calibration are necessary. KSS is a powerful method to represent gradient environmental parameters and nature phenomena.
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